Although the association of cryoglobulinemia with hypocomplementemia and tissue injury in systemic lupus erythematosus is well recognized, composition of cryoprecipitates in terms of circulating antigens and antibodies in this disease is less clear. To clarify this question, cryoprecipitates from patients with SLE were examined with sensitive assay techniques for certain antipolynucleotide antibodies and DNA antigen. DNA antibodies were highly enriched relative to serum levels in the majority of cryoprecipitates. DNA antigen was also demonstrable. Antibody to ribonucleoprotein, although less frequently present, was similarly enriched in certain cryoprecipitates. In contrast, anti-double strand RNA, which was commonly detectable in relatively high titer in serum, was only minimally concentrated in a minority of cryoprecipitates. Absorption experiments using red blood cells heavily coated with polynucleotide antigen indicated that a major proportion of the IgG in certain cryoprecipitates was specific antibody. The data strongly suggest that the cryoprecipitates in systemic lupus erythematosus represent circulating immune complexes that are soluble at 37 degrees C and come out of solution in the cold. The marked concentration of immune complexes in the cryoglobulin offers a simple and direct method for determination of the nature of the complexes. The accumulated evidence obtained in the present study indicates that these complexes closely reflect, in their composition, the circulating immune complexes which are most significant pathogenetically in renal tissue injury.
A B S T R A C T Although the association of cryoglobulinemia with hypocomplementemia and tissue injury in systemic lupus erythematosus is well recognized, the composition of cryoprecipitates in terms of circulating antigens and antibodies in this disease is less clear. To clarify this question, cryoprecipitates from patients with SLE were examined with sensitive assay techniques for certain antipolynucleotide antibodies and DNA antigen. DNA antibodies were highly enriched relative to serum levels in the majority of cryoprecipitates. DNA antigen was also demonstrable. Antibody to ribonucleoprotein, although less frequently present, was similarly enriched in certain cryoprecipitates. In contrast, antidouble strand RNA, which was commonly detectable in relatively high titer in serum, was only minimally concentrated in a minority of cryoprecipitates. Absorption experiments using red blood cells heavily coated with polynucleotide antigen indicated that a major proportion of the IgG in certain cryoprecipitates was specific antibody.
The data strongly suggest that the cryoprecipitates in systemic lupus erythematosus represent circulating immune complexes that are soluble at 370C and come out of solution in the cold. The marked concentration of immune complexes in the cryoglobulin offers a simple and direct method -for determination of the nature of the complexes. The accumulated evidence obtained in the present study indicates that these complexes closely reflect, in their composition, the circulating immune complexes which are most significant pathogenetically in renal tissue injury.
INTRODUCTION
Considerable evidence suggests that serum cryoprecipitation (cryoglobulinemia) may be a manifestation of immune complex formation (1) . Apart from monoclonal gammopathies, cryoglobulins have been associated with persistent infections (2) , hyperimmunization in animals (3, 4) , and certain autoimmune diseases of man (5) (6) (7) (8) (9) and New Zealand mice (10, 11) in which circulating immune complexes are thought to have a pathogenetic role. In most of these clinical or experimental settings, intermittent antigenemia has been identified or suspected. IgM rheumatoid factor is often present and comprises varying proportions of the cryoprotein depending on the disorder involved (8, 9, (12) (13) (14) . Cryoprecipitation also appears to involve fixation of Clq in certain sera of patients with systemic lupus erythematosus (SLE)1 (12, 13) .
The association of cryoprecipitation with hypocomplementemia and tissue injury in SLE is well known (7, 15, 13, 16 Collection of serum and isolation of cryoprecipitates were performed as previously described (14) . Serums were collected at 370C. Cryoprecipitates were obtained by allowing 20 ml of serum to stand at 4VC for 1-7 days, followed by centrifugation at 1,000 g for 30 min in the cold. 1 ml of cold phosphate-buffered saline (PBS), pH 7 (19) . Anti-DNA was also determined by a radioimmunoassay (Farr) using [IC]DNA from human KB cells' as previously described (30) .
Antiribonucleoprotein (anti-RNP). A crude saline extract of calf thymus nuclei (31) (32) . This method could detect 0.5 ,ug of DNA.
RESULTS
Antipolynucleotide antibodies in SLE cryoprecipitates.
In preliminary experiments, cryoprecipitates from SLE patients were examined for antinuclear antibodies (ANA) by indirect immunofluorescence using cryostatsectioned human liver as substrate. Six of nine cryoprecipitates were positive for ANA. In order to define and quantitate this apparent antibody activity, further experiments were performed with a more sensitive hemagglutination system detecting antibodies to -individual polynucleotides.
An analysis of antibody activity by hemagglutination in three representative cryoprecipitates and serums from patients with SLE is summarized in Table I Each antipolynucleotide antibody could be shown to be specifically concentrated over the serum level in individual cryoprecipitates. The degree of enrichment, however, was quite different for the various polynucleotide antibodies. The data for 10 patients are given in Fig. 1 . Each point represents the maximal antibody enrichment observed in a cryoprecipitate from a single patient. A negative value indicates that no cryoprecipitate contained detectable antibody. Antibody to sDNA and nDNA, and infrequently, RNP was highly enriched in the cryoprecipitates. In contrast, the specific concentration of anti-dsRNA was uniformly low. Mean enrichment for each antipolynucleotide antibody calculated from data from all cryoprecipitates studied is shown in Table II .
Certain cryoprecipitates and serums were also examined for anti-DNA antibodies by an ammonium sulfate precipitation radioimmunoassay using [ 
DISCUSSION
Specific concentration of antipolynucleotide antibodies in the cryoprecipitates from patients with SLE was demonstrated by hemagglutination techniques. Antibodies to sDNA and nDNA were present in highest incidence in the cryoprecipitates. Anti-dsRNA and anti-RNP were present in a minority of cryoprecipitates although anti-dsRNA was encountered most frequently in serum in the group of patients studied. Specific concentration of anti-sDNA and anti-nDNA and anti-RNP relative to serum levels was often high. Enrichment of anti-dsRNA was minimal. Antibody specific for an exogenous antigen, tetanus toxoid, was not concentrated in cryoprecipitates over the serum level and its presence in certain cryoprecipitates could be explained by minimal (approximately 3%) contamination with noncryoprecipitable serum immunoglobulins. This strongly suggests that the observed titers for the polynucleotide antibodies, which were relatively much higher in the cryoprecipitates than in the serums, were not due to noncryoprecipitable serum immunoglobulin contamination of the cryoprecipitates. Previous investigation has shown IgM anti-IgG to be a significant component of the cryoprecipitates in SLE (12) (13) (14) and to be enriched relative to the serum level (13, 14) . The present data concerning the presence of antipolynucleotide-polynucleotide complexes in cryoprecipitates suggest the strong possibility that, in serum, IgM rheumatoid factor interacts with such complexes, thereby promoting their precipitation in the cold. Indeed, DNA, anti-DNA, and IgM rheumatoid factor were all demonstrable in the cryoprecipitate from patient Es. The hypothesis has been advanced that such interaction of IgM rheumatoid factor with circulating complexes might potentiate their deposition and result in tissue injury (13) . Certain evidence has been obtained in support of this hypothesis. With the idiotype as a marker of IgM anti-IgG, this antibody was localized directly to both immunoglobulin deposits in the glomerulus and to the cryoprecipitate of a patient with SLE nephritis (13) .
Cryoprecipitates from patients with SLE have been shown to contain Clq as well as rheumatoid factor (12) . This observation was extended by the demonstration of Clq precipitins in serum and the specific concentration of Clq in cryoprecipitates over serum levels (13 
